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(54) METHOD FOR DETECTING CARCINOMA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To utilize a protein bearing an 
important role on the long term survival of the cranial nerves cell 
and a DNA encoding the protein on the detection of carcinoma. 
SOLUTION: The detection of carcinoma, e.g. large bowel carcinoma, 
skin carcinoma or the like, is carried out by using the DNA encoding 
the bradion protein or its analogue derived from human beings and 
the antibody immunoreactive with the protein or its analogue. 
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1 

?ij&ir-f h sfv^ff Kt^D 

(2) E?iJ#-«§-2 4fcliB9iJ**4 U^+r 5 VS£BE?iJ 
(a) 

(b) Kyte— Doolittl efti:J:i.t Kn/i 
•>-• 8*rKJ:i), (-0) ttftTO?- 
□ 4 * > V -b -T 9 - t-# ftg; Sr frT 4 , 

(c) k h«A«3U»KW%5l* f E«!><bn, -iMKUfc^ 
■CIBOl0%aiTO5fe39lA«BK>t,*L > -e-coffecoKfl^k h 

(d) *5HkOK h«f*ttft«fflftua*|%a$-ti:l> 

(e) *g*k h]E#i«l&ua*llfe3*S*4i:. *ffc • «• 
5H*lh&8N*-r4, 

(f) iiBJia?Eus-6as-c*BBa«tcffffiLr«Hai*3»* 

(3) S£?'J#^- 1 {C^-T 1 2 9 ft- 1 9 4 3 ttO«|*E 
frKvN-f 7*'J r-f XfiDNA, i£(4 1 51@J^±co 

(4) ie?iJ#-?-3 ICJjrf 1 2 9fi- 1 5 6 2 ftOilgE 

frT-e'W^y-fxnDNA. i^«±i 5nm±o 

(5) ^ff»±t»FERM BP-6922+tZ#t tlZ ^fMt 
>£n- KtSDNA, i £(4l51Sl:Ui<o;iirt£ ^ * 

(6) ±f£ (1) - (5) OV>-f*UWCfB«ODNA££ 

fro 

(4 -f T y-fc-f t;<fco Tff s »*Jll i£(42 

[m^sMm&i&w] 
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[0 0 0 1] 

*f&93(4, 8S»H*Bfl&<0ft»i 

ft&-HCt4, frf§9J(4, k h&*7"7-f*-C (Brad 
e i on) m&KXlt-ZrnmUtt-Z^- Ki-^>DNA43 

[0 0 0 2] 

ye [&*<ojs#t] flattens (-a-o>) (4, nm&fo 
ifeifii^x/^^/^m*^^, f&*« • 

^fkKfl^JBttftl** (l»t« (4, CK. 
h<r>^m~ 4 -5. tStltt- a - n > Oi(ft«-*o^JB{z 4 & 
i><DX'h *) > COBtS&Rj&o*- ? '1 > ?\ K$fli9i, 

20 [0003] fls#@ffl8at4, ife^iaeuijitis-fkiiii 

W^i§i*-5.£, -rcof^-S-tir-r, 4 

t *S«f L i i ( * S v ^(4»^7»> 4- ftftiK £ t 

i" 4 t « m $ tl -5. CO I z S o T 

jo [0 0 0 4] uxK^|Qtt«iai&o^W«PB 

At-?"(0$#f$co^«B^Ufi!£JAL^ (Cell,! 
40 J., 5 7 3 -5 8 5 (1 9 9 8)), L#>U COii 

(cDNA) ^T-T'J-Oil, MWX?'J-^> 
rttflfSrllll&L. -€-n (-4 t) flgff 6lHRg#*^jt^<0 

[0 0 0 5] 

[H^75 f )ii*L4 o £i-4ItS] frf&B^OgK(4, fl£aW 

50 «4B)»oft«i!^#niw#-r4-r9-f''f *>ias*3- 
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10 0 0 6] 

(1) IKSeST-**, (2) Kyte-Dool it 
t 1 eSiasi: h'o;?y-: S-*ftcJ: ») , JSHtiiafcfr 

&tSii£*-t&, (3) t l-tAil^lSwMW 

offcoiRg* M&JBUfilS&StLi-n, (4) *5Mfc 

-ts> (5) hiEKtaii&uaias&ffis** t. * 

ft • fl-SSSffih ( 6 ) SBJfeJEUMSaet 1 * 
h3>K'Jri:*»t*. RIM?) K Y±m&fflmW 

h * <o r 9 t-- < * > s a k 3i t i <r> mw# i- r*n -r * „ 

[0 0 0 7] ##&f9J<7>MaKt;(4, E5S^OE?iJ#-9-2 

[0008] *^^a#+ mo-im tit. thftt^ 

tt (1) , (2) , (3) , (6) » (7) WttR* 
to to. sgi/>(4, E?'j#-5f-23l(± 4 U/jrtT 5 y^E 

< ittttiaztitzT 5 y&E?ij£*-r<i> iwtib^o shk 
mt. mm-%-2xii 4 tc^-tr § swmnt 9 0 

±, »i L< 14 9 5%W±, 4 L< (4 9 7 %£H± 

Jto^f-f + > * ft ^Oxlf-T- 

-7X)!g-ei4, t h flf (7)2i<?) ? -f yiO t /? At) 5 
ILiBSftfcri*, t ^*,377fV * > i eo*g|B]t£(4 9 
4%T?*o/_o t: F77f^><0 

* » 4 *> £ ^CHTffifiMSHWSJURf&gc 
♦OAIW8fc£i£*flJ^TDNAft&;tft*KJ:oT» 

fc, *')xf U > run- ©jfcf&ti # 'n-cio 

lltSL^/fff *>SaftX(4^0*iEl.#$:r7- K 

[0 0 0 9] -e«0J:-5&DNAXl±*OW*O#MfcWi: 
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Lt> E?iJ#-§- 1(0129 ft7$> h 1 9 4 3 ft 4 X-<DiM.£ 
E»<bi'*DNA (EP*>fc h « 77f f + >^- K 
i~<5> D N A) X(i«<t*EyiJ<0 1 5lHJaJi, ffJKli 

2 0fla±, $«bu«fiL<<43 oiHJ-JL±oa^-r^^ 

? U + f- K^<bi-*E?iJ^*i-^DNA»fM-> *W4E 

?lJ«H§-3 O 1 2 9 ft7»>«b 1 5 6 2 ft 4 T-«Oig36E?iJ^e> 
(B|J*>fc h ,37*774 Ki-^DN 
A) Xl4»fiU6E5"JO 1 5«J3l±» «f 4 L < (4 2 011W. 
70 ±> £ kCftf 4 L < (4 3 0lHJil±<7)^-r^>^ ? U + f- 
Kt)>^ ££E?iJ**1--£>DNAif>i\ SjcV>(4E?iJ#-f-3 
U^-r^:il3feE?ij54' ?>iSDNA £#S(f £ C t § 

T-e^^^'J f-fXnct#r*H.DNAt*tWi: 

fc (4, E?iJ#-f" 1 (1 2 9- 1 9 4 36) X<4E?iJ#-?- 

3 ( 1 2 9 - 1 5 6 2 ft) (-7jri-ia^E?iJ HO %i-%± 
OffiHtt, *f 4 L< 149 5%W±<OfflRtt, 4>9$?4L 
< (4 9 7 %tt±Offimit#E5!imuffft-r4 t 

20 * -r')V^^-'y3>imz^>ztiit^i-i 0 

y KOBtSffiS (Tm) J: I) ft 5*0 -ft 3 
0t, ff4L<li»l 0t:-£j2 5'Cfft^aJST-/N'f r 
■J r^r-t-— > 3 >7> ? jgC XM) > v*i > 

h t^ttCov^tli, J. Sambrook^, Mo I 
ecular Cloning, ALaborator 
y Mannual, Second Edition, 
Cold Spring Harbor Labora 
tory Press (1989), #(-11.45lp "C 
onditions for Hybridizati 
30 on of Oligonucleotide Pro 
bes" ;C(:E«0*tti*fflL 
f#^, 0 *%^(7>DNA3Z.I4-eoBf>T-(4, ^ffU^i 
a«Of&3UB/itf"C&<, A-f7*i) J^-T-tf-v a >fflo 

[0 0 1 0] *^WI4S <btc, 7'7f^>Sfifi3 
KDNA**l&a"5rffi^4 -5 < t^D*-?-^ 

-> r±;mo5?#Sr^-tfCt3& J -e#-&o *l&^(4$f ? tc 

4 7i, -f<D4 t ^-t?J^WEJ*3SFL < (4 h 9 >X 
7^^->3 >$n^Ti±«B8&UMi-*o 1i±^Ba(4^« 

anna, 4 •? » s l < (4Pt?L«mi)is, #k t h nBfla#-c* 

[0 0 1 1 ] *5£Wi*i tz. ±E€«07'7f^>S 
50 7-7^^ *vaEaRX<i-e-oU«tt*4:1*IIWU 
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[0012] *%-wi±2hiz, ^oftmuioit^, ±ie 
(D ss?ij#^-2 1 l < izm-tr < /b$e 

(2) E?d»*2 i^JiE^J#*4 = /g£ge?ij 

tiio^T^&< <h Elisor S /»**&££, fi&*>L< 
(i#*n?ixfcr ^ / »E9"J**LJ.ojeiToeH : 
(a) m«fiR-C*£, (b) Kyte-Doolitt 
1 eSi:i^t:KnA 9 y-S*:J:^ BSJTMffifr (— 
HI) tt&tbXJ >*-n^>l^^*-u#gfcift&« 
(c) t: USAHtcSftftoi&a^*^ 

i: hH&JftUli«SS*i**,^ (d) *$Hto 20 

4, (e> YiE^mmzmm^m^^^t, $tvc 

• 5^a»jh4r»#i-S, (f) «tt?Elc£«iI«?«U& 

3>K'J7i:itti, JgLV (g) * h*fl§«*ffl)fe**X 

<fc •) #4 £ t § 4 t: h 4*77 7»-f * 
>I&K«W*3-KnDNA, *7fcl±15«J2LbO 

^ w + f- KOE5»J*^i4-C-oWrM-. 
[0 0 13] (3) K?iJ#^- 1 U^-T 1 2 9fi- 1 9 50 
4 3fiO^E?ija^&£DNA*> L< ii-etttx h 'J 
>vx>F^MTTvNO' 1 J^^Xt^DNA, i £ 
ii 1 5 «J£l±0&a-f * KOEyj*^^4-e 

(4) E^J*-?- 3 UTKi" 1 2 9 1 5 6 2 fi<Oi£^ 
E»«bi^DNAt L < (i-e*x<hx h 'J >v*> b * 
MTtvN^'jr^fXt^DNA, 4fc«15«BL± 

[0 0 14] (5) *K«*fe»FERM BP-6922*tC^t ft 

4r7f^>4:3-KtiDNA, S fcli15«£Lt*5 40 

(6) ±15 (1) - (5) Ov>rft^UE<W>DNA*fc 
fro - fliifiKli, b& 
[0 0 15] 
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- h ^aA^7i / -^X(i7x / — ? n n 7 + ;u 

ASjsmvt-fXL, *a*ti:i *> 

(i-t y 7 A ^ U7 Y K«Rfl?E*^i£UJ: DBUR-fSo 
Cco^RNASt'J^ (dT) -trA-n-x ? h ^7 
7<«(;*ltTmRNA (BP*>> poly (A) RNA) 

-r«o 

[0 0 16] mRNA^^S^fOffftTi: 
cDNAJMU 77->SL<li7 , 7^U^^^ 
-UiiOTI&*J:'5 uaSi«R**«Bt£*f**), -ft 
tH«0lR8*»fl:i:tO7r-/«L< (i7 s 7^ ^ 

T?*»W*»MEfcXli F7>X7x^y 3 >UcD 
NA7^7 U-tf^Si-^o 

[00 17] ?u->ffc;c DNA7^f r^U-lcii, g 
tt<3 D N A <om & o fcfll ffi ttofcDNAIf 

fr^lf A2ftT^£/j*!>. ia^DNASriftt^^ 

-tf-v3>, 3D--/NY7 ,, Jf^-y3>fO*ii 

J&^ft/j-y^-y' (7r-v^ Xit^a 

14 (32P) 5BL<(i3t*||(»DNA^n-r«:«SSnL* 
XS7^1/i,±^*t^C^:t:J: g6^<7) 
DNA^ttt^7°7-^I(^n->^ai 
^>o «vm±, 'fthiitz?u-y&Z^ j v-fu\£)V- l 
-ft-^-D-^^hvK (IPTGtvn) 

#iwt#*fflv^-c***tt*citie* n - > *iia-r^> c 
t «>^ril6-e**o 

[0 0 18] ^n-^tc*tLTRH4Jg:^*^L^y^- 
?Xli? v->frb®ULtzB&)<nc DNACov^T, 
^^•^A . ^;i^/s— h (Max i am-G i lber 
t ) jfeXli* >^r-^-^7> (Sanger-Co 
u 1 s o n) iitcj: «}E9'J*5e1"^o ^n-->^^ 
<tr>*E^]ft5eUov*Tli, Wxlf S ambrook^, 
Molecular Cloning (JiJi) ^ A u s 
ub e I "9, CurrentProtocols in 

Molecular Biology, Green 
Publishing Company Assoc. 

and JohnWiley Interscien 
ce, NY, 1 9 9 2 4?UE«S tL^>^*#HBf Z> Z 

[0 0 19] ftaojtifcWHEH+iJ:^ 
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U N kHSAIS«cDNA7'f7'7'J-?:i$U -?"<^ 

-TScDNAfcJRftLfco E^-SHfrO***. SWrftXT* 

7*v-f 1" + >iff£ : f-75 { M.ai$ix^ 0 wiibOttafeEyj* 
-g-a-mE?iJ#^- 1 5.<m?iJ#-S§-3 (CtfL7L-^\ =t-t' 
Y > ^flfcfcfi-E-ti-etL 1 2 9 f£- 1 9 4 3 fi, 1 2 9 f£ 

,?MW7'5r'-f +>SeS(i-f-n^tlE?iJ#-f-2S 
y f E?lJ#-^4{C7F$^^>T 5 y®?E?lJ£*-f £.1 t^to 70 
fr-otzo ip-t., aM^v-r-'-f *>DNAIi 1 8 1 5fiO 
7. * U + f- K;J><*j& >9 , 6 0 5 /BS^P>^-&M 

fiI5:3-KLtv^ 0 itc ,3l7'7f'^>DNA 
(4 1 4 3 Am<r>?. * \s**f- K:&»<bfc»K 4 7 81@cr>T5 

2Xii4 UTpgti^T 5 ;W.W5W<r) 1 fiOMe t (4£l 

[0 0 2 0] nS^^f-f :*>M6K'4, Kyte 20 
-Doo 1 i t t 1 eS (J. Mol. Biol. , J_ 
5_7 (1) : 105-132, 1 9 8 2) CUtF'D 
'•*->- 7t#H- 4 *K BiSagC^ *>£"i6TY>? 
- n ^ * > V -fc 7- ? - izftm*) &fSi£ £ -2, C t # fc> 

^9. $ ft £ )lia«a«§ft:«di £ W L T v » 4 w fc &7ji S 
ftfc„ ££>'::, «2L /?ffltv^ 2i<oM»SA ! * 
•K -;oM4#«£^kM#lftT-*£fcc;'>(4, ^PSIJ 

ite^p 5 3/p 7 3©fifti:a»Lrv^o it, in 

§ (Igarashi^, Nature 

Genetics, 111-117, 1 9 9 8 :Ma 
rtindale'b, NatureGenetics, 
150-154, 1998) ;t*'f>, C<7)«f75?-iE1t 

[0 0 2 1 J $^cOt: hft*r7fV + >§6KXI4 

mtx&zz t75*r*#* 0 E?y#-^i xi±3 tzTK^n^. 

i££E?iM^i±E?il#-§- 2 XJ± 4 (Z7jt$ *i£ r 5 y ffi?E 

?yu*v»-c, «fc**<*o****jitLc>o, fttoai 
-r & 1 5H±> *fi l < (±*5»2 0 -&5 om<r>m&fr<b 

/ ADNAv^f 7*7 'J -Xl± c DNA9 -T 7*7 

^ Cfc^-Ci&o 7-f 7*7'J-<±, 0iJx.li AZA 

PIU pBluescript (SifiSli.) * n - .=. > * - 50 
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(Stratagene Cloning Systems) 4' fc'OjSHfi-J (C Af pT 
b£&^7 5'-* r B^Tf'P®-t-&wi:7) ? 'Br^-e*^>o 7*v 

- 7'>; r-f-tf- -> 3^xii3D;-^i7') r-f 

-fc*--> 3 xc J; oTBEftODN A Sr#tf 7*7-73Z.(47 

[0 0 2 2] i&Wi, E?iJ#-f-10 1 2 9 - 1 9 4 3 f£ 
X(iE?iJ*-f-3 0 1 2 9 - 1 5 6 2 fiU^Sft-MllfeE 
m-Zs^r-i-tUZlSI&tfiJ&MlilS 15-1003!7Utf 

KO&^-f .z>DNAE? , J£7"7-f--7-fc LTfpSSfL, - 

ADNA7 / f7"7'J -X(± c DNA7 i* 7*7 'J 
T#'J *7-*"»«KlS (PCR) Srff gffJOD 
N A Srlf *W UHMB-T SCi:^-?^. PCR li« *. 
(i\ ^14 9 4 r, 155- ; T — — 'J >7-5 7t, 2t> ; #ft 
7 CC, 355-^ 1 1 -f 7 'I' i Lt 2 Ot-Y *A*JA±, 4f 
i L<(43 O^r-r ^^a±0*ft"Sr«ffl-C#4o PCR 
(;o^TI40iJx.li\ ISWt rPCRftftBrT^-^ 
«i$*^'bIt.ffl4-C-J ^4^, »5*. 1996^4^^-ii 

cODNA^^n->-ft:XI±lfi|@Lf-:f*, aWDNA^Il 

[0 0 2 3] *l§ r i r Jco«'a#:tc(i; > t h 6*7*7 •f * 

(1) , (2) , (3) , (6) , (7) 014K^<{>0 
i><0-t)\ "Sv^ll, E9"'J#-f-2Xii 4 U/j*:$n^r 5 /S 

\&.fet LT, E?iJ#- t f-2X(4 4U/pSti-Sr 5 /KE?iJ 
t90 %W±, # S L < Ji95%J3L±, «t •) SFi L < (4 9 

(4, t h « Zli ,3 77 f -f t > t iSWCISlf <7)tftf 

I/PCRSit*(?)»M (S. N. Ho«b, Ge 
ne XX. 5 1 (1 9 8 9) I S®H t fcff "^T* 
SR, CURRENT PROTOCOL S3>^'? h 
JR, Tj-T-^^H^^n h a-;n , 1 9 9 7^6fl, 

2Xli4i:-fSii*7 5 /KE^Jfl-IEIIt^Ai-*- 

(Ala, Val, Leu, lie 30 fflcofi^, S e 
r RtfT h r ffiOfi^, Asp S^'G 1 u PflOM^, A 
s n RXfG 1 n W<0S^, L y s SO 1 ' A r g M«0fiife, 
P h e S^T y r H<^fit#f tf ftin^CTt L 
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^^ONtS^OH i s ^'^Me t-Lys£L<(i 
Me t -A r gE9iJOf*iP4 4r A***r*b it 4 0 £ 

^/t- Ft4it TT«-C**o 

[0024] zhiz^ mittm&z-iiffii-Xvxr^T' 

UJ: «9B9fl±^tt*UN**aMiai»tt (As n-Xa 
a-Thr/Ser, ::tXa aliP r o Wttt 

[0025] ^>seKX(i-eo 

/^{l* 0, J-^U>^'>> (PEG) *0*»tt# 20 

■J ^-fcft^Wi:: :^^^c P EGffcfi 

[0 0 2 6] "7°^X ^ K\ 77- 

^ K (pBR 3 2 2 , pKC 3 0, pCFM536& 
t) , 77-vDNA (7^7r-y^") . 50 
7X; K (pG-lif) , HtfLSBMHJ&fflO^^^-i: 
UO/^an^^l/X, 7^v — T^^^X. 7fV 
^<;^f(0^^UDNA, S V 4 0 <b^<0f£Sffc& 

V - A IS ^ ffi ft , #UT7 s '-^ffcv^ r -^;H>S:#A/-CV» 
10 0 2 7] fltRBfefttU, tll^^-CWL 40 
»S^^^-i:itLT, 0Jx.i^2y«m DNA, AR 
x.lfSV40, 7rV')i';^ > ^ v /\' fcT n --7 *y < ;!, 
SfcWODNASrn- KtimRNAOMiil^tifc 
XXfiS V4 OT^n^-^-, ±9§M 1 a clii t r p 

7 4 D^»^-, 77-V7^^PL7 P Ut-^- |£S 
ffltLTOADH, PH05, GPD, PGK, AOX 50 
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[0 0 2 8] ®K4Efeff±«i&*flHR 
T r p 1 > U r a 3:Sfc^£, HBAWaUftffl^^ 

tz(i, -> >wffiafr^ v -if 

[0 0 2 9] ^-(±Bl*W*CA#pni6ft<>OS:ttffl 

(f, iIttO4<7)f(±pQE7 0, pQE60, pQE 
— 9 (Q i age n) > pB 1 ue s c r i p t II 
KS. p t r c 9 9 a, PKK223-3, pDR5 
40, pRIT2T (Pharmacia), pET- 
11a (Novagen) ; &ZfKt%i3i<0 i> OT'li p X 
T 1 , pSG5 (Stratagene) , pSVK 
3, pBPV, pMSG, pSVL SV40 (Pha 
r m a c i a ) i)*$> Z> o 

[0 0 3 0] D N A littfO#at^ ^ 

otWU *o«Wtti:*IH!ODNAtjfAt 
4o MW<OD N A aOlBSpK^JS: ^ tr3§3£^ 

[0 0 3 1 ] 1t±«BlftO«i: LTIt ^M^Ba> 

OV7^7S2, X^K-7*r7 S f 9 ; b h^#«S 
ft*#trl«fLa«Uft, WilfCHO, COS, BHK, 
3 T 3 , C 1 2 7 4 tTsWIfetf <s>*L*o h 9 

j ; >»*^y^ DEAE-f^Xh7>^6 
[0 0 3 2] hfi*7 7f^t>X(ifO« 

■/n^-^-SriaSv^ hXiiffc^WBIffe (IPTG 
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11 

< ax * / - ®e«m, r-+>^t<(i*^+ 

77f-, T 7 i —-f i - ? OV h ^7 7 -f — , Y)\s% 

n-7 h 7=7 7 i HPLC, «5n;*ffr, ?n7h 
7 + - 77 -> > ^«ffl<7)^Sra.^-t>H±-TSB53-WU 

[0 0 3 3] *5fflWDNA4-i^^t 1- »tfc5. LKffi 

iiiy>i:i-c/;, (1) $?§li?)DNA^, *5HL<0 
k h*t*»««BI&-C*4 t h^tttilUNT 2 n e u 
ron (Stratagene??) l-Superfec 
tUm (Q i agenS) tfflnTitfc^SA U i§*J 
1 8-2 4*m£l|*](::|II&9E*IHIL 

jto (2) raio*amt hjEftmmi-mm&mz 

=effc-«-3HM:*BI*Lfco (3) i#»S*fflJl 

ja9E* f «*s*i&*»ofc 0 (4) aistii-as-cr 
m. L24B#H^Li*i-e ; h^> Kuri:iaL/:. §t>ci 
* i *»«:»«i»i!a*a« f j« v>-7 osjf*) ama*^ 

[0 0 3 41 fl±»aftC»Cv>T. #§§l£l<7>7*5T'<r 

* it t fc#fl-a«ia-co^s* nr^u l x ^ & t #x h 
nflauj3v»no: i) imw-th^ttf-sMtniLh 

Hi* znft&it^mt mz-tfi : l) CJ;!), * 
ffc*t)NM-4cfc«>*«?*uto Sot, r7fft> 

SU^S^-t LT«K 4: ^fbHf#ottg^<7) 
[0 0 3 5] L/:A s ot, «i<Dlfij?U<l±f?) 
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<r>tz*><r>Tismztiim-tZ> ;tt^„ o i-lWi: 

-i-'Hjimi&M. 7?^>, K77yf'J/f)-->X 

t&*ite>, £Mt**S£?*15, ^S^HIAH (1982 

K-vtEL ISA- (1987#) , IS^tt* 

10 [0 0 3 6] t:'J?D-t^ft;li, *%9JcD^agX 
li-f-OWfM-SrttlflKtL, WMtFreund^ 

*\ -77 -\-*\ 9a 7vt£oiffi3lJM&?>JkTU& 
S+U *-)2iira^F r e u n d©^7va/0 M: 
ft«3*fc^fc*»«Kra;»Ui£lt U £-HCJ: *) 7* 
-XhU ffJt-t-iCtnioTljiJllitt LTff&Ci 
t5 s T'§-S 0 e<bt-, JJiJllif *^i£*f, DEAEt^n 

20 i&feit SephadexIKliSepharosel: 
^Hfc77^ — "7" ^ n-7 f.7'771 -C I g Glffl 
73-4- T 7'7 L , ft«JKl&H J: i) ft* L B WOtSfl:* 

[0 0 3 7] */*n-^;w*£#:<±, ±Ci:ra«UfI« 
L/:tS-7va/0 hfUSffi*-7 7X (BALB/c 

fMtajft«:|»?t», Z<Dfflf&Z 5xn-?H (X6 
3, NS-lf) i^'jxfl/Vj'ija-A. (PEG 4 
OOOf) <0fffiTi:i^ H AT *gi$iX'tn.#.m>£L 
30 '^4 7*>; K--7Sr«*?L> ?D-r>7-g^xii7^x 

Sit Ho S/t, Tengfo, Proc. Nat 
1. Acad. Sci. USA(1983),_8_ 
£: 7 3 0 8-7 3 1 2, Kozborf), Immun 
ology Today (1983), 4.(3) 172 
-7 9{IfE«§tt-S> iT&^ftO&ffifcffl^Tfc Kt* 
/ ^D-^*fitfr*ft»-*-*Ct t ~zsmx**>Z>o ±f£Ja 

[0 0 3 8] S *|§^cODNAZ(i-?-<08ffn-^7- 

(1 2 9- 1 9 4 36) XliSE^J#-f- 3 (12 9-15 
6 26) H/n§tl-2>l£*IE^Jtp<0'tt*<!0j*S|-r* 1 5ffl 
J3LL, ftfi L < (*2 0m&±. Zhizfti L<(i3 011 

Vy±.<r>% Htf K^^4^7'D-7'Zii7'7^-7-5r 

i»DNA^*1«*flat>rf^*L, TYVF-7", ^Tfe 

t Lx&m-tzzttfX'&Zo ?'>) y ^-tf- v a > 

50 m'li^Mtt. Sambrook?,, Mo 1 e 
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cular Cloning i±M) , F. M. Aus 
u b e 1 h, Short Protocols In 
Molecular Biology, Third E 
dition, John Wiley&Sons UfElft 

[0 0 3 9] 

-f h i)\ W <i - ft h <r>nmm CioTK^ ft £ & 
<**fetflll >k h-r7f f t>r^- Ki"^> c D N AO 70 

tcSSt-ei^-Z^x ^ K^^ ^-pCMV SPORT 
1 (Life Technologies f± (^ 
S) ) S:i^tt:htAffi<7)cDNA7'f7 , 7 , ;-S:« 
SSLfco C^Bf> f£A!E(i. »3 6tO^-*f^ 
*fiA*tt*^Ott#"e* 0, Life Techno 
I o g i e s f±SS<7) h 'J 7-^KJB USp^fe) CTm 
RNA (poly (A) RNA) Sr«(ti. -*yfc-v 
t —il — MM (Life Technologies 20 
*±) Hi^mRNA (po 1 y (A) RNA) £« 

[0 0 4 0] ±J5"CW8& Lf:mRNA (poly (A) 
RNA) <T> 3 ' *St:No t I 7 0 7^*7-7^y^- 
Cft£> «*E¥»*S u p e r S c r 

i p t I ISy f T4DNA#U^7-tfS:fflK ^fttC 
^2*i(cDNAi^«-H8Lfco cDN 
AIHC0 5' *Si:Sa 1 IT/T'^-^i, 3' 
«rWK»*No t IT»ILT, MKK*U £&40BHB 
fiSa 1 1-Not I ^SSCjfOc D N ASff^ t L 
fco COcDNAS:y^6«^n-rh^77>f'-i:J:^ 
*-fX4*U5MiU lkbai^?S:()otcDN 

a^)ik> ^l/co f}^*ifccDNAim, rat; 

< S a 1 1 -No t I -CW»r$ft£77* S K^*?- 
pCMV S PORT 1 Ulf ALT, K <t «9 SR^t^ 
7* ^ KtfEKLfco -ft&, ASiSDH 1 2 S^fflJJS 

(Life Technologies tt) ICx U ^ h 
ntfl— >a >££ffl^T*AL. *SIS-«\ 7^/7 
V-tflHSLfco 40 

[0041] z<o±mm&*fo£LV>iKT>\sis>) >mu 

L B *^«»± S^tnnn-iMLfco 

1 OraM I PTG-effllf:/^^- 
> A^-f n>m (Pa 1 I tt. *B) ***$-*T 

««ttKBB"*-*tt*C E 5 [Nature, 2 9 6 , 
34-38, (1982)] t-Rj£$-e\ p i c o B 1 
ueTM Immunoscreening Kit 
(STRATAGENE, *@) i:r»tt^ n - > £J8 
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[0 0 4 2] 'fth ftfcPfttt ^n-^il)^^; KDN 
A££PfrL. fiit 3 2 PflM^n-ri Ltt h#R 
JHf*fimRNAKff>f n >m (MTN blot, 
C 1 o n t e c htt) U'WT'J T'-f HSIfSM 
^tTo j&**fft5gL;to cDNAfi, i,-?JL>xffi%fiz 

offioE^J <b JtttflWt L , £ < Sff«E9U t BA h iUz i> 

71: o ^< Ltftg^ifca 7 7fV c DNAOfil 
K9USrEW*OBW»-9- 1 ( v - > ^ > 
- : AB 0 0 2 1 1 0) [ZTf.LfZo n--r-v >^*«(i 
12 9- 1 9 4 3fit'*o/: 0 ifz, CCDig^ffi^jUS 
^T*g$n/:«7 7fU>07 ^ /S^ge?iJ^E?iJ# 
t2C$L/: 0 « 77f < * > c DNA^^trDNA 
(i* Wl0^7fll4 B UI*£WR£frI*I*tt 
* W3E#T < rpmi -1-3)CFERMP-1 

6 8 9 7 t LTSWfcSftfco 

[0 0 4 3] _ti£« 7^7*4 c DNAOffi^lJ^S 

s» *s^7>f7- (tis) watae^ 

O^JEWflafcSrffofco ZrOtztblZ, Gene T r a 
pper Positive Selection s 
ystem (Life Technologies it 
SI) Srffl^r, £*J&*U 7* * U + * Yt-rV^y Y 
fcf-XU i&iKitfr^ 77 l J -cox^ U - - > ^ 
Srfro^o 8§^£:*U =rx ^ i^*^ KOEWHi, 5' - 

c tgagcaagt tcgtgaaggat t tc — 
3 ' (mjm^r 5 ) Rlf 5 7 -cagtcctctga 
caaccagcagt a — 3 ' (E^'JS"^* 6 ) "Cab 

ft, z<F>&&mmzmm<nmm-%3 

flt>^-: AB 0 0 8 7 5 3) U^L7c 0 n-irW 
> ra*ii 12 9- 1 5 6 2 fiz:-C* o fco C Oil^K^iJ 

[0 0 4 4] <HJS$I2> aW/3 7 7fVt/OJS 

■feftlt 

( l ) t: Kn/>-y-^#f 

t^Stlta M/^7ff t>Ifig07 
^ /KE^JiwOV^T, Kyte-Dool i tt left 
(Kyte, J. tDoo little, R. F. 
J., J . Mol. Biol. (1982), J_5 
7_ ( 1 ) : 1 0 5- 1 3 2) *:i4t Kn/*>-$Hf£ 

7& ? pTb6T*^ 0 HI a, [HI bC(i, 5f*f*S**^ 
v^^\ [SIB#tZt hfi*0-f >^^-n<^r> (ID 
2Hr7^-, IL3l/-t7^-, IL41/t-/^-5 
0 f *«*^*> l/-b7 p ^-t:ov^Ofr«flSft4JtRO 
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20 



tziblZ7fiLtz 0 mfrh, f5cft-+;u*> • *r 4 Y ii 4 > V 
■f/*HEJFiJ**"***eiHi, Bl»a«* C£rt"b3 

5 f < * > 4 B*o*a * tt 4 

T-*5->ytM -/-f- K te3»» e> 1 # § ( H fet:-7p 
■*■) )*tLtv^v>. ft*tU, «W077tV 

iI8P55- (— I!) t^ftt-f >^-n-f*>H:^-i: 

[0 0 4 5] (2) ^fU^IfiS^ft 
fch*i»**»mRNA(E?t'fn>B| (MTN b 
lot, Clontechtt) ^W^'J S^-tf- > 

Ji'C«tcuv»rt»i**ft«5l (Koio%JSLT) 
aLTJ3»), f w^(±IK»x t"7 •> > ^ i: J: o T4 

[0 0 4 6] (3) a£*>' / 3 7'7T'**>itfr : T-<7>tg* 

S§NT2 neuron (STRATAGENEtt) , 
+ 4*>*.*«-ffcOVi h USuperfe 
c tRX (Q I AG EN, *H) tfflv^rite^SA 
U jS*ll&3R$*feo iS*£l22a, b, c UTjrTo 

[0 0 4 7] |2<0/^^ai:«, a (_hg) 

(T«) f -f * > 3 fift?-<oafe : f-*Affe2 4 W<0 
*»«i:ov»t, (±«) S^-/3 (T«) /7f 

*j»jScu— v-uwiu j: o tw*$ tifc 0 foe*, 

[0 0 4 8] ?t.C, ,(77^ *>iH£^SAf£, 1 
8-2 4«FWWl*I(-ffllfl&5E^5lSSn*A*, 9Ei-S^,j§ 

K'J r{;#E«H"4^ t^StifCo /<^^btcJi, itfc 

h^f«NT 2 n e u r o n (STRATAGENE 

SEQUENCE LISTING 
<110> Agency of Industrial Science and Technology 
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tt) , Wth€»HeLat-*4o fwgf, t"t, 
b<r>ffll&?hm~&^X 4 , fflJ&Kl^fefrOffMtiSffllfe 

o iW Jft 4 ffl ^ T tt?iKfl&fftMf; & fir o i: C *> , / * * >v 

x ) T -+° I — -> x/J*#:tf>#|EjJ t iMS$ iifc. 

[0 0 4 9] (4) «W ( ?77tW ^itfE^tffii: 

0 f r<«3S»U (SaOftl 0%) ^«-CL*^fe3RL4v»»z 

3 a, 3 b, 3 c {Z^L^o 13 3 aCli, 
Hffiitffllfeuistt* « sy-'/3 77f{ *>mtt<n*jkmfc 

fco l-->8 (J£/»#5*fflJ!&ftG 3 6 1 ) S^>->6 

(A8WB*ffl)&ttSW4 8 0) [z<n^mmmK\z- (•> 

[0 0 5 0] k h * 

fflv>T, %ao^«r^*L7ttC^>, [H3 bJC/Ki-t 
J3 l) , l 0 ffc#:<7> A!i*S (T 1 -T 1 0 ; Ad t LTffi 
ft) , 3 &#<7>J£**S (Tl 1 - T 1 3 ;Muc, MM 
tLTlHft) t-iiv»T4#*W%3li3i t ?«Z$ii7to S3c 

[0 0 5 1] 

[f&fEO^j*] *^77f'^^5tf^^3-K 

(JE'»BS»g«)!aiciJv»T l o : l) 75 j «|^$^t</^ 
t#^^n^ 0 c<D%mttm<7>$cit («xixi : i ) u 

<t"9, *ft 4 i t t^*S*t4«, lot, 77 

■f-f ^^-S^-J-tl* n- K-f -SDN All, Swtt®^S&<0 

so'tts, iBfla^w • aftttfUH^fc Ltt<tt 
^Mi^rATS^mw^f^-r^WigaijiaasjE^ to 

[0 0 5 2] 



30 



40 
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<120> Cancer detecting methods 

<130> 

<140> 

<141> 

<160> 6 

<170> Windows 95 



<210> 1 

<211> 2274 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> mat peptide 

<222> (129) ■•■ (1943) 
<400> 1 

gaaaggagca agccaggaag ccagacaaca acagcatcaa aacaaggctg tttctgtgtg 60 

tgaggaactt tgcctgggag ataaaattag acctagagct ttctgacagg gagtctgaag 120 

cgtgggacat ggaccgttca ctgggatggc aagggaattc tgtccctgag gacaggactg 180 

aacctgggat caaccgtttc ctggaggaca ccacggatga tggagaactg agcaagttcg 240 

tgaaggattt ctcaggaaat gcgagctgcc acccaccaga ggctaagacc tgggcatcca 300 

ggccccaagt cccggagcca aggccccagg ccccggacct ctatgatgat gacctggagt 360 

tcagaccccc ctcgcggccc cagtcctctg acaaccagca gtacttctgt gccccagccc 420 

ctctcagccc atctgccagg ccccgcagcc catgggggga gcttgatccc tatgattcct 480 

ctgaggtaga gcctccagcc ctgcctttgc ctttcagtgg gctgctgcag gaagaccggg 540 

ggcagggagc aggaatgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtttgtgt 600 

gtgtgtgtat ctgggaccca tttcagtcct gtgtcagccc tagctccaaa atatctgccc 660 

ccaagggcac tggaaatttg cagtttcagc aagggcagga ggcccagctg gtggcctcag 720 

atgggaactc acagaagtct ggcactgctt ttttaaggct ggggcaaagg cctgaaaggg 780 

agagaagatt ggcgctgggt gccggggccc ctttggctcc tcaccgtgat gcattctgcc 840 

ttcctgtcta ctacgatgac aaggagtatg tgggctttgc aaccctcccc aaccaagtcc 900 

accgaaagtc cgtgaagaaa ggctttgact ttaccctcat ggtggcagga gagtctggcc 960 

tgggcaaatc cacacttgtc aatagcctct tcctcactga tctgtaccgg gaccggaaac 1020 

ttcttggtgc tgaagaaagg atcatgcaaa ctgtggagat cactaagcat gcagtggaca 1080 

tagaaaaaaa aggtgtgagg ctgcggctca ccattgtgga cacaccaagt tttggggatg 1140 

cagtcaacaa cacagagtgt atgtctgact ggaagcctgt ggcagaatac attgatcagc 1200 

agtttgagca gtatttccga gacgagagtg gcctgaaccg aaagaacatc caagacaaca 1260 

gggtgcactg ctgcctgtac ttcatctcac ccttcggcca tgggctccgg ccattggatg 1320 

ttgaattcat gaaggccctg catcagcggg tcaacatcgt gcctatcctg gctaaggcag 1380 

acacactgac acctcccgaa gtggaccaca agaaacgcaa aatccgggag gagattgagc 1440 

attttggaat caagatctat caattcccag actgtgactc tgatgaggat gaggacttca 1500 

aattgcagga ccaagcccta aaggaaagca tcccatttgc agtaattggc agcaacactg 1560 

tagtagaggc cagagggcgg cgagttcggg gtcgactcta cccctggggc atcgtggaag 1620 

tggaaaaccc agggcactgc gactttgtga agctgaggac aatgctggta cgtacccaca 1680 

tgcaggacct gaaggatgtg acacgggaga cacattatga gaactaccgg gcacagtgca 1740 

tccagagcat gacccgcctg gtggtgaatg aacggaatcg caagtatgac cagaagccag 1800 

gacaaagctg gcagggggag atcccaagcc tagccttggg tgagaccaag ccctactttt 1860 

gttcttctat aggccctggg ctcaatctaa gcgggtgctg gggtcctcct cgccttatca 1920 

acccttttct ccctttagca aactgactcg ggaaagtggt accgacttcc ccatccctgc 1980 
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19 20 
tgtcccacca gggacagatc cagaaactga gaagcttatc ccagagaaag attaggagct 2040 
gcggcggata cacgagatac tacaccaaat accaaaacag ataaaggaga actatttact 2100 
ggctttcagc cctggatatt taaatctcct cctcttcttc ctgtccatgc cggcccctcc 2160 
cagcaccagc tctgctcagg ccccttcagc tactgccact tcgccttaca tccctgctga 2220 
ctgcccagag actcagagga aataaagttt aataaatctg taggtggctt ctgg 2274 
<210> 2 
<211> 605 
<212> PRT 

<213> Homo sapiens 
<400> 2 

Met Asp Arg Ser Leu Gly Trp Gin Gly Asn Ser Val Pro Glu Asp Arg 

15 10 15 

Thr Glu Pro Gly I le Asn Arg Phe Leu Glu Asp Thr Thr Asp Asp Gly 

20 25 30 

Glu Leu Ser Lys Phe Val Lys Asp Phe Ser Gly Asn Ala Ser Cys His 

35 40 45 

Pro Pro Glu Ala Lys Thr Trp Ala Ser Arg Pro Gin Val Pro Glu Pro 

50 55 60 

Arg Pro Gin Ala Pro Asp Leu Tyr Asp Asp Asp Leu Glu Phe Arg Pro 
65 70 75 80 

Pro Ser Arg Pro Gin Ser Ser Asp Asn Gin Gin Tyr Phe Cys Ala Pro 

85 90 95 

Ala Pro Leu Ser Pro Ser Ala Arg Pro Arg Ser Pro Trp Gly Glu Leu 

100 105 110 

Asp Pro Tyr Asp Ser Ser Glu Val Glu Pro Pro Ala Leu Pro Leu Pro 

115 120 125 

Phe Ser Gly Leu Leu Gin Glu Asp Arg Gly Gin Gly Ala Gly Met Cys 

130 135 140 

Val Cys Val Cys Val Cys Val Cys Val Cys Val Phe Val Cys Val Cys 
145 150 155 160 

He Trp Asp Pro Phe Gin Ser Cys Val Ser Pro Ser Ser Lys lie Ser 

165 170 175 

Ala Pro Lys Gly Thr Gly Asn Leu Gin Phe Gin Gin Gly Gin Glu Ala 

180 185 190 

Gin Leu Val Ala Ser Asp Gly Asn Ser Gin Lys Ser Gly Thr Ala Phe 

195 200 205 

Leu Arg Leu Gly Gin Arg Pro Glu Arg Glu Arg Arg Leu Ala Leu Gly 
210 215 220 



Ala Gly Ala Pro Leu Ala Pro His Arg Asp Ala Phe Cys Leu Pro Val 
225 230 235 240 

Tyr Tyr Asp Asp Lys Glu Tyr Val Gly Phe Ala Thr Leu Pro Asn Gin 

245 250 255 

Val His Arg Lys Ser Val Lys Lys Gly Phe Asp Phe Thr Leu Met Val 

260 265 270 

Ala Gly Glu Ser Gly Leu Gly Lys Ser Thr Leu Val Asn Ser Leu Phe 

275 280 285 

Leu Thr Asp Leu Tyr Arg Asp Arg Lys Leu Leu Gly Ala Glu Glu Arg 

290 295 300 

I le Met Gin Thr Val Glu I le Thr Lys His Ala Val Asp I le Glu Lys 
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21 22 
305 310 315 320 

Lys Gly Val Arg Leu Arg Leu Thr I le Val Asp Thr Pro Ser Phe Gly 

325 330 335 

Asp Ala Val Asn Asn Thr Glu Cys Met Ser Asp Trp Lys Pro Val Ala 

340 345 350 

Glu Tyr lie Asp Gin Gin Phe Glu Gin Tyr Phe Arg Asp Glu Ser Gly 

355 360 365 

Leu Asn Arg Lys Asn lie Gin Asp Asn Arg Val His Cys Cys Leu Tyr 

370 375 380 

Phe I le Ser Pro Phe Gly His Gly Leu Arg Pro Leu Asp Val Glu Phe 
385 390 395 400 

Met Lys Ala Leu His Gin Arg Val Asn lie Val Pro lie Leu Ala Lys 

405 410 415 

Ala Asp Thr Leu Thr Pro Pro Glu Val Asp His Lys Lys Arg Lys I le 

420 425 430 

Arg Glu Glu lie Glu His Phe Gly lie Lys He Tyr Gin Phe Pro Asp 

435 440 445 

Cys Asp Ser Asp Glu Asp Glu Asp Phe Lys Leu Gin Asp Gin Ala Leu 

450 455 460 

Lys Glu Ser Me Pro Phe Ala Val Me Gly Ser Asn Thr Val Val Glu 
465 470 475 480 

Ala Arg Gly Arg Arg Val Arg Gly Arg Leu Tyr Pro Trp Gly Me Val 

485 490 495 

Glu Val Glu Asn Pro Gly His Cys Asp Phe Val Lys Leu Arg Thr Met 

500 505 510 

Leu Val Arg Thr His Met Gin Asp Leu Lys Asp Val Thr Arg Glu Thr 

515 520 525 

His Tyr Glu Asn Tyr Arg Ala Gin Cys Me Gin Ser Met Thr Arg Leu 

530 535 540 

Val Val Asn Glu Arg Asn Arg Lys Tyr Asp Gin Lys Pro Gly Gin Ser 
545 550 555 560 

Trp Gin Gly Glu Me Pro Ser Leu Ala Leu Gly Glu Thr Lys Pro Tyr 

565 570 575 

Phe Cys Ser Ser I le Gly Pro Gly Leu Asn Leu Ser Gly Cys Trp Gly 

580 585 590 

Pro Pro Arg Leu I le Asn Pro Phe Leu Pro Leu Ala Asn 
595 600 605 

<210> 3 

<211> 1735 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> mat peptide 

<222> (129)- (1562) 
<400> 3 

gaaaggagca agccaggaag ccagacaaca acagcatcaa aacaaggctg tttctgtgtg 60 
tgaggaactt tgcctgggag ataaaattag acctagagct ttctgacagg gagtctgaag 120 
cgtgggacat ggaccgttca ctgggatggc aagggaattc tgtccctgag gacaggactg 180 
aagctgggat caagcgtttc ctggaggaca ccacggatga tggagaactg agcaagttcg 240 
tgaaggattt ctcaggaaat gcgagctgcc acccaccaga ggctaagacc tgggcatcca 300 
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(13) WH2 0 0 1 -16 13 8 4 

23 24 
ggccccaagt cccggagcca aggccccagg ccccggacct ct at gat gat gacctggagt 360 
tcagaccccc ctcgcggccc cagtcctctg acaaccagca gtacttctgt gccccagccc 420 
ctctcagccc atctgccagg ccccgcagcc catggggcaa gcttgatccc tatgattcct 480 
ctgaggatga caaggagtat gtgggctttg caaccctccc caaccaagtc caccgaaagt 540 
ccgtgaagaa aggctttgac tttaccctca tggtggcagg agagtctggc ctgggcaaat 600 
ccacacttgt caatagcctc ttcctcactg atctgtaccg ggaccggaaa cttcttggtg 660 
ctgaagagag gatcatgcaa actgtggaga tcactaagca tgcagtggac atagaagaga 720 
agggtgtgag gctgcggctc accattgtgg acacaccagg ttttggggat gcagtcaaca 780 
acacagagtg ctggaagcct gtggcagaat acattgatca gcagtttgag cagtatttcc 840 
gagacgagag tggcctgaac cgaaagaaca tccaagacaa cagggtgcac tgctgcctgt 900 
acttcatctc acccttcggc catgggctcc ggccattgga tgttgaattc atgaaggccc 960 
tgcatcagcg ggtcaacatc gtgcctatcc tggctaaggc agacacactg acacctcccg 1020 
aagtggacca caagaaacgc aaaatccggg aggagattga gcattttgga atcaagatct 1080 
atcaattccc agactgtgac tctgatgagg atgaggactt caaattgcag gaccaagccc 1140 
taaaggaaag catcccattt gcagtaattg gcagcaacac tgtagtagag gccagagggc 1200 
ggcgagttcg gggtcgactc tacccctggg gcatcgtgga agtggaaaac ccagggcact 1260 
gcgactttgt gaagctgagg acaatgctgg tacgtaccca catgcaggac ctgaaggatg 1320 
tgacacggga gacacattat gagaactacc gggcacagtg catccagagc atgacccgcc 1380 
tggtggtgaa ggaacggaat cgcaacaaac tgactcggga aagtggtacc gacttcccca 1440 
tccctgctgt cccaccaggg acagatccag aaactgagaa gcttatccga gagaaagatg 1500 
aggagctgcg gcggatgcag gagatgctac acaaaataca aaaacagatg aaggagaact 1560 
attaactggc tttcagccct ggatatttaa atctcctcct cttcttcctg tccatgccgg 1620 
cccctcccag caccagctct gctcaggccc cttcagctac tgccacttcg cctaacatcc 1680 
ctgctgactg cccagagact cagaggaaat aaagtttaat aaatctgtag gtggc 1735 
<210> 4 
<211> 478 
<212> PRT 
<213> Homo sapiens 
<400> 4 

Met Asp Arg Ser Leu Gly Trp Gin Gly Asn Ser Val Pro Glu Asp Arg 

15 10 15 

Thr Glu Ala Gly I le Lys Arg Phe Leu Glu Asp Thr Thr Asp Asp Gly 

20 25 30 

Glu Leu Ser Lys Phe Val Lys Asp Phe Ser Gly Asn Ala Ser Cys His 

35 40 45 

Pro Pro Glu Ala Lys Thr Trp Ala Ser Arg Pro Gin Val Pro Glu Pro 

50 55 60 

Arg Pro Gin Ala Pro Asp Leu Tyr Asp Asp Asp Leu Glu Phe Arg Pro 
65 70 75 80 

Pro Ser Arg Pro Gin Ser Ser Asp Asn Gin Gin Tyr Phe Cys Ala Pro 

85 90 95 

Ala Pro Leu Ser Pro Ser Ala Arg Pro Arg Ser Pro Trp Gly Lys Leu 

100 105 110 

Asp Pro Tyr Asp Ser Ser Glu Asp Asp Lys Glu Tyr Val Gly Phe Ala 

115 120 125 

Thr Leu Pro Asn Gin Val His Arg Lys Ser Val Lys Lys Gly Phe Asp 

130 135 140 

Phe Thr Leu Met Val Ala Gly Glu Ser Gly Leu Gly Lys Ser Thr Leu 
145 150 155 160 

Val Asn Ser Leu Phe Leu Thr Asp Leu Tyr Arg Asp Arg Lys Leu Leu 
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# BH 2001-161384 
26 



25 



165 



170 



175 



Gly Ala Glu Glu Arg I le Met Gin Thr Val Glu I le Thr Lys His Ala 

180 185 190 

Val Asp Me Glu Glu Lys Gly Val Arg Leu Arg Leu Thr lie Val Asp 

195 200 205 

Thr Pro Gly Phe Gly Asp Ala Val Asn Asn Thr Glu Cys Val Lys Pro 

210 215 220 

Val Ala Glu Tyr I le Asp Gin Gin Phe Glu Gin Tyr Phe Arg Asp Glu 
225 230 235 240 

Ser Gly Leu Asn Arg Lys Asn lie Gin Asp Asn Arg Val His Cys Cys 

245 250 255 

Leu Tyr Phe I le Ser Pro Phe Gly His Gly Leu Arg Pro Leu Asp Val 

260 265 270 

Glu Phe Met Lys Ala Leu His Gin Arg Val Asn lie Val Pro Me Leu 

275 280 285 

Ala Lys Ala Asp Thr Leu Thr Pro Pro Glu Val Asp His Lys Lys Arg 

290 295 300 

Lys I le Arg Glu Glu I le Glu His Phe Gly I le Lys I le Tyr Gin Phe 
305 310 315 320 

Pro Asp Cys Asp Ser Asp Glu Asp Glu Asp Phe Lys Leu Gin Asp Gin 

325 330 335 

Ala Leu Lys Glu Ser Me Pro Phe Ala Val Me Gly Ser Asn Thr Val 

340 345 350 

Val Glu Ala Arg Gly Arg Arg Val Arg Gly Arg Leu Tyr Pro Trp Gly 

355 360 365 

Me Val Glu Val Glu Asn Pro Gly His Cys Asp Phe Val Lys Leu Arg 

370 375 380 

Thr Met Leu Val Arg Thr His Met Gin Asp Leu Lys Asp Val Thr Arg 
385 390 395 400 

Glu Thr His Tyr Glu Asn Tyr Arg Ala Gin Cys Me Gin Ser Met Thr 

405 410 415 

Arg Leu Val Val Lys Glu Arg Asn Arg Asn Lys Leu Thr Arg Glu Ser 

420 425 430 

Gly Thr Asp Phe Pro Me Pro Ala Val Pro Pro Gly Thr Asp Pro Glu 

435 440 445 

Thr Glu Lys Leu I le Arg Glu Lys Asp Glu Glu Leu Arg Arg Met Asp 

450 455 460 

Glu Met Leu His Lys I le Gin Lys Gin Met Lys Glu Asn Tyr 
465 470 475 

<210> 5 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of the artificial sequence: a 5* -end primer synthesize 
d based on the nucleotide sequence of cDNA for a Ipha-Bradeion. 



<400> 5 



ctgagcaagt tcgtgaagga tttc 
<210> 6 
<211> 23 



24 
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<212> DNA 

<2 13> Artificial Sequence 
<220> 

<223> Description of the artificial sequence: a 5' -end primer synthesize 
d based on the nucleotide sequence of cDNA for a Ipha-Bradeion. 
<400> 6 
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T5 
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T6 
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ND 


+ 


T7 
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B 
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+ 


T8 
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ND 


+ 


T9 
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C 
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+ 
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C 
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Expression changes in subsets of genes occur in 
the course of altering cell fates, i.e., aging, cell death, 
and carcinogenesis. These changes simultaneously 
provide the good candidate as a biomarker for mon- 
itoring cancer. We have identified a novel human 
septin family gene, Bradeion, from adult brain cDNA 
library by a monoclonal antibody CE5. Northern blot 
and in situ hybridization analysis showed that Bra- 
deion has two distinct transcripts, approximately 2.2 
and 1.7 kb length (« and ]3, respectively) mainly in 
brain and slightly in heart, and no expression in any 
fetal organs. Haplotype analysis placed the gene lo- 
cation at 17q23. The gene contains GTPase motifs 
highly conserved in the septin family genes that are 
essential for cytokinesis and cell separation. The 
transcript of ft form lacks a hydrophobic region, 
which suggests that this form arises from a single 
Bradeion gene through unique RNA splicing. Inter- 
estingly, this brain-specific Bradeion gene is also 
expressed in two human cancers, colorectal cancer 
and malignant melanoma. Ectopic expression of nor- 
mal Bradeion at and ft transcripts were confirmed 
both in patients' tumor samples and in in vitro cul- 
tured human cancer cell lines. Thus the Bradeion 
provides valuable tools as a tumor-specific and se- 
lective marker. « 2001 Academic Press 

Key Words: Bradeion; CE5; septin family gene; ATP 
binding GTPase; colorectal cancer. 



The following full-length nucleotide sequences have been submit- 
ted to the DDBJ/EMBL/GenBank DIM A databases with the Accession 
No. AB010642 (5' upstream of Bradeion a), AB002110 (full-length 
Bradeion a), and AB008753 (Bradeion j3). 

1 The first two authors contributed equally to this work. 

2 To whom correspondence should be addressed. Fax: +81-298-61- 
6046. E-mail: tanaka-manami@aist.go.jp. 
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The brain expresses more of the total genetic infor- 
mation encoded in DNA than does any other organ in 
the body (2). Up to 50,000 distinct mRNA sequences 
are thought to be expressed, 10-20 times more than in 
the kidney or liver. Recent efforts in genomics research 
have identified a large number of cDNA sequences 
encoding orphan receptors and signaling molecules (3- 
5). However, many neuron-specific genes still remain 
uncharacterized. One strategy for characterizing such 
unknown genes is to use antibodies and/or cDNA frag- 
ments such as ESTs as probes to detect proteins or 
transcripts which show brain-specific expression. 

An IgM A class monoclonal antibody CE5 raised 
against membranes from rat dorsal root ganglia de- 
fines an antigenic determinant expressed by subpopu- 
lations of mammalian central and peripheral neurons 
(1). CE5 immunoreactivity was observed throughout 
the nervous system especially in the Purkinje cells in 
the cerebellar cortex. Some CE5-positive populations of 
neurons degenerate in Chagas' disease caused by the 
protozoan parasite Trypanosoma cruzi (6), that also 
expresses CE5 reactive epitopes, suggesting an auto- 
immune basis of this disease. However, neither the 
molecular structure nor function of the neuronal CE5 
antigen have been characterized so far. 

The screening of an expressed human adult brain 
cDNA library with CE5 yielded many cDNA clones, 
and those clones were also screened for brain and/or 
heart specific expression by Northern blot hybridiza- 
tion. As one of the genes showed brain and heart spe- 
cific expression pattern, it was further analysed by 
sequencing. 

Here we report the initial biochemical and biological 
characterization of two transcripts of a novel gene Bra- 
deion. The molecular structure indicates that the gene 
belongs to human septin family genes, and that, be- 
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lPSARPRSPHGgXDPYD33EVEPPAIJLPFSGIXQEDRGQQAECVCVCVCVCVCVCI^ 2 00 

hrslalXjF Hydrophobic region 



208 



BradelOn 0 l^^^ N ^ roRT ^I ^ ^™P<reL3K^ 100 

I PSARPRSPWGKLDPYDSSgfrDKBVVCTA^ 200 

A TG/G TP- binding site motif A (P-toop) 
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ETHYEHYRAQCIQSima.VVKEHBRHKLTRBSGTDFPIPA\a>POT 478 

* ★ * 



B 



Exon 

nucleotides 
of exon 

5' 

CE5B3 



1 

156 



nucleotides 
of Intron 



2138 



Bradeiona 120 
Exon 1 

nucleotides 188 
of exon nucleotides 2138 

0f lntron 



CE5B3-GT8|fi- 



Bradeion$ 120 




21-?08: 



1 kb 

5 67 8 9 10 

135118102 97 418 229 
2976 113 89194 93 257 

MHOO 




5 6 7 89* ;9b 10 

135118 10207163 J00 230 
2976 113 89194 93 155 257 *3'UTR 



21-119 151-180 

120-150 181-221 



222-266 340-372 460^478 
267-305 373-426 
306-339 427-459 



FIG. 1. Amino acid sequences and genomic construction of Bradeion a and /3. (A) Predicted amino acid sequences of human Bradeion a 
and /3. The same amino acids are boxed. The hydrophobic region is underlined in red. ATP/GTP binding sites site motif A (P-loop; Consensus 
pattern: [A or G]-X 4 -GK-[S or T]) is boxed in yellow at amino acid number 141-166 of Bradeion 0. The letter "X" in the above sequence 
represents any amino acid. The other GTPase motifs, G-2 [DXXG] and G-3 [AKXD], are also boxed in yellow. (B) Genomic construction of 
Bradeion a and 0. Green boxes in exon 1 are the 5' untranslated regions (5'UTR). Red boxes with the oblique lines are exons or regions with 
translated sequences. Asterisks mark the site of stop codons. Empty boxes are the 3' untranslated regions (3'UTR). The nucleotide number 
of each exon and intron is shown in black and blue, respectively. The amino acid number of each exon is in red 



sides expression in normal adult human brain, it has 
unique tissue- and cell type-specific expression. Ectopic 
expression in human colorectal cancer and malignant 
melanoma suggests a role of Bradeion gene as a prac- 
tical marker of cancer. 

MATERIALS AND METHODS 

Identification of Bradeion a and 0 cDNA. Adult human brain and 
heart Superscript cDNA library (Life Technologies, MD) was immu- 
noscreened by monoclonal antibody CE5 (1) using the picoBlue Im- 
munoscreening Kit (Stratagene, CA). Positive clones were se- 
quenced, and screened by Northern blot analysis. Primers used for 
the GIBCO BRL GeneTrapper cDNA Positive Selection System (Life 
Technologies, MD) (7) were as follows: GT1 (nucleotides 319-342) 
5'-CTGAGCAACTTCGTGAAGGATTTC-3'; GT2 (nucleotides 472- 
494) 5'-CAGTCCTCTCACAACCAGCAGTA-3'. The positive clones 
were further screened by sequencing the inserted cDNA. The struc- 
tural, homology and phylogenetic analyses were performed with the 
software BLAST (8), MOTIF (9) and Geneworks (Intelligenetics). 

Rapid ampiification of cDNA ends (RACE). Rapid amplification 
of 5' cDNA-ends was performed using 5' RACE System, version 2.0 



(Life Technologies, MD) (10). For first strand cDNA synthesis, the 
primer (GSP1) GCTGTTGTTGTCTGGCTTCC was used. For PCR, 
the abridged anchor primer (AAP) provided by the company was 
used as a "forward primer" and 5'-GCTCCTTTCCCTTTCTCTTT-3' 
was used as the following specific "reverse primer* (GSP-2). Mara- 
thon cDNA Amplification Kit (Clontech, CA) was also used for con- 
firmation of the data. 

Northern blot analysis. 32 P-labeling of a cDNA clone containing 
full-length Bradeion a was done by random primer extension 
(TaKaRa Shuzo, Tokyo). Hybridization with multiple tissue North- 
ern blots (Clontech, CA) was performed as described (11). 

Tissue in situ hybridization. Bradeion $ RNA probes were syn- 
thesized with T7 RNA polymerase and SP6 RNA polymerase in DIG 
RNA Labeling Kit (Roche Diagnostics). In situ hybridization to dis- 
sected human tumor regions was performed as described (12). 

Clinical samples. Human colorectal cancer specimens were ob- 
tained with informed consent at surgical resection. Normal intesti- 
nal tissues were also obtained at the tumor resection. Tissues were 
rapidly frozen and stored at -80°C until analysis. 

Detection of Bradeion genes from the tissues of colorectal cancer 
patients by RT-PCR. Total cellular RNA and genomic DNA were 
isolated from the cultured cell lines and from the tumor tissues using 
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TABLE 1 



Exon/Intron Characteristics of the Human Bradeion Gene 



Exon 




GURAGU* 


Intron size 3'-splice site 
(bases) 

(Y) N -NCAG* 


Bradeion a 










1 


156 


GUAAGG 


2,136 




2 


759 


GUAAAA 


438 


UCCUCUCUCCUCUCAG 


3 


87 


GUAAGG 


493 


UUUCCCCUUUCUCCAG 


4 


124 


GUAUGU 


2,976 


CCCCAG 


5 


135 


GUAUGG 


113 


UUCCCCAG 


6 


118 


GUGAGG 


89 


UCAG 


7 


102 


GUGGGG 


194 


CCUCUUCCAG 


8 


97 


GUAAAG 


93 


UGCAG 


9 


418 


GUGAGA 


257 


UUCCAG 


10 


229 


UGUCCC 




Bradeion £ 
2a 


297 


GUAGAG 


368 


CUAG 


2b 


93 






9a 


163 


GUAUGA 


155 


CCCUUUUCUCCCUUUAG 


9b 


100 







Note. The nucleotides in red mean the match of GU-AG consensus, and those in blue 
mean the match of the consensus sequence of the splice sites. The nucleotides in black 
color don't conform to the consensus sequence of the splice sites. R: A or G. Y: C or U. 

a Consensus sequences of splicing junctions. 



GIBCO/BRL TRIzol reagent (Life Technologies, MD). For RT-PCR of 
both Bradeion genes, reverse transcription of 5 /xg total RNA was 
primed at 45 °C for 30 min using Superscript One-Step RT-PCR 
System (Life Technologies, MD), and the reaction mixture was di- 
rectly used for PCR. Four primer pairs were used for the PCR 
amplification: forward primer- 1: nucleotides 305-321 of Bradeion a 
clone, reverse primer-1: nucleotides 1993-2012; forward primer-2: 
nucleotides 16-35, reverse primer-2: nucleotides 354-335; forward 
primer-3: nucleotides 214-233, reverse primer-3: nucleotides 1284- 
1265; forward primer-4: nucleotides 1057-1077, reverse primer-4: 
nucleotides 2150-2131. PCR was performed using 40 cycles of 94°C 
(15 s), 55 or 60°C (30 s), and 72°C (1 min). The RT-PCR products 
were subject to the gel electrophoresis in a 12.5% GeneGel by Gene- 
Phor system (Amersham Pharmacia Biotech). The sequences of the 
RT-PCR products were confirmed by direct sequencing. 

Cytogenic and FISH analysis. Fluorescence in situ hybridization 
studies were carried out by standard techniques (12). Human and 
mouse BAC library screening, and FISH analysis were performed by 
Genome Systems, Inc., MO. 

RESULTS AND DISCUSSION 

Identification and Characterization of a Novei 
Human Septin Gene Family Bradeion 

We obtained a number of cDNA clones of human 
adult brain and heart cDNA libraries using immuno- 
screening by monoclonal antibody CE5. Positive clones 
were sequenced and screened by Northern blot analy- 
sis for brain- and heart -specific expression according to 
the characteristics of the reaction of CE5 to mamma- 
lian tissues (1). Among them, CE5-Brain3 clone had 
a significant tissue-specific expression. Complete se- 
quencing of the CE5-Brain3 (CE5B3) clone (2,225 bp, 
DDBJ/EMBL/GenBank Accession No. AB002110) re- 



vealed that it contained one open reading frame of 627 
bases in length with 96 bases of a 5' noncoding se- 
quence and 1,502 bases of a 3' noncoding sequence. The 
sequence around the 5 '-most ATG codon of the CE5- 
Brain3 clone conformed to Kozak s rules (13). The open 
reading frame starting with this ATG encodes a 208- 
residue polypeptide (Fig. 1A). With GeneTrapper pos- 
itive selection and RACE, we also found other clone 
with 123 bases at 5' end upper to CE5B3 clone (DDBJ/ 
EMBL/GenBank Accession No. AB010642). 

The GeneTrapper positive selection and the se- 
quence screening of over 150 clones resulted in another 
transcript form of CE5B3 gene, CE5-Brain3-GT8 
(CE5B3-GT8) (DDBJ/EMBL/GenBank Accession No. 
AB008753). Marathon cDNA amplification (Clontech) 
also confirmed that there are indeed two separate tran- 
scripts using human brain poly(A) + RNA. The open 
reading frame of CE5B3-GT8 encodes a putative 478- 
residue polypeptide (Fig. 1A). Comparison between 
CE5-Brain3 and CE5B3-GT8 revealed that CE5B3 is 
made by insertions in the exon 2 (368 bases) and 9 (155 
bases) of CE5B3-GT8 (Fig. IB). 

We named this gene BRADEION: SLOW TIME, since 
it is mainly and uniquely expressed in human adult neu- 
rons; long-term survival cells without any division and 
differentiation. We hereafter called the CE5B3 gene as 
Bradeion a, and CE5B3-GT8 as Bradeion 0, respectively. 

Bradeion )3 contained a remarkable "ATP/GTP- 
binding sites" (consensus pattern: [A or G]-X 4 -GK-[S or 
T]) at amino acid number 151-158 (Fig. 1A), which is a 
consensus motif found in GTPases (14, 15). Bradeion 0 
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has three GTPase motifs (Fig. 1A, highlighted in yel- 
low), and these regions are highly conserved in the 
septin family code proteins with GTPase activity 
thought to interact during cytokinesis and cell separa- 
tion. The amino acid homology ratio of Bradeion /3 to 
the representative human septin family genes is as 
follows; 59% to CDCreJ-l (16), 44% to Nedd5 (17), 37% 
to CDC10 (18), 41% to Dif/6 (19). Bradeion genes thus 
both belong to a novel human septin family, with a 
longest size and with a significant tissue-specific ex- 
pression. Secondary structure prediction indicated a 
possible a-helix (15) near the carboxyl terminus of Bra- 
deion 0. This region contains an interrupted leucine/ 
isoleucine repeat at every seventh amino acid residue, 
which may form a coiled-coil structure as suggested in 
most of the other septins (marked by * in Fig. 1A). 

The manner of deletion (splicing) in Bradeion a was 
slightly different from the usual alternative splicing (20- 
23), where the exon is added or deleted. Although alter- 
native splicing occurs in different tissues during develop- 
ment, the two Bradeion proteins are expressed in normal 
tissues at the same stage of development. The initial 119 
amino acids are identified in both Bradeion a and /3 (Fig. 
1A). Due to the deletion of 368 nucleotides in exon 2, the 
frameshift of the amino acid sequences changed. Because 
the stop codon of the Bradeion a gene is located in exon 2, 
the amino acid sequence of Bradeion a is shorter than 
Bradeion £. Analysis of the 23 splice sites of Bradeion a 
and /3 listed in Table 1 showed that all, except one excep- 
tion, conformed to the GU-AG rule (24, 25). The segment 
deleted from within exon of the Bradeion a gene (yielding 
exon 2a and 2b of Bradeion fi) contained the repetitive 
nucleotide and amino acid sequences, (TG) l9 + TT + 
(TG) 6 and (CV) 6 + CL + (CV) 2 . The deleted segment also 
contained the hydrophobic sequence of amino acid No 
141-146. 

Tissue-Specific and Cell-Type Specific Expression 
of Bradeion Gene 

The immunocytochemical examination using mono- 
clonal antibody CE5 only reacted with the brain and 
heart, as described previously (1). Developmental ex- 
pression pattern and cell-type analysis revealed that 
two distinct transcripts, approximately 2.2 and 1.7 kb 
in length (a and j3, respectively), are mainly or 
uniquely abundant in adult neurons, and also a few in 
heart. The expression was downregulated in human 
fetal organs (Fig. 2). The intensity of the bands in brain 
was approximately 10 {Bradeion a: 2.2 kb in length) to 
1 {Bradeion /3: 1.7 kb). 

The cytogenetic location of human Bradeion genes 
are 17q23, between STS markers D17S792 and 
D17S944. Mouse Bradeion gene locates at a posi- 
tion 63% of the distance from the heterochromatic- 
euchromatic boundary to the telomere of chromosome 
11, an area that corresponds to band 11C (data not 
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FIG. 2. Tissue distribution of Bradeion mRNAs. Membranes con- 
taining 2 /xg/lane of polyadenylated RNA from indicated human 
tissues (MTN Blots, Clontech, 7760-1 for adult tissues, 7756-1 for 
fetal organs) were hybridized with a ^P-labeled whole region of 
human Bradeion a cDNA. Results of hybridization with a p actin 
probe are shown below. 



shown). Interestingly, the location at chromosome 
17q23 raises the possibility that Bradeion may be a 
candidate gene for a group of neurodegenerative disor- 
ders comparable to the prepro-orexin gene; a family of 
hypothalamic neuropeptides and G protein-coupled re- 
ceptors (5). 

In situ hybridization of adult mouse brain was also 
performed. As predicted by the CE5 reaction, most 
intensely labeling was observed in the cytoplasm and 
nuclei of Purkinje cells (Figs. 3E and 3F) in the cere- 
bellar cortex (Fig. 3A), the hippocampus (Fig. 3C), and 
the motor nucleus of the Vllth nerve. The controls 
either with a sense probe, or without a probe showed no 
staining (Figs. 3B and 3D). 

Bradeion Specifically Expressed in Human Colorectal 
Cancer with No Point Mutations 

The further expression screening of Bradeion using 
various human cell lines provided remarkable evidence 
that two human cancer cell lines, SW480 (colorectal 
adenocarcinoma) and G361 (malignant melanoma) 
were positive of both Bradeion a and /3 with equal 
intensity (Fig. 4A). Northern blot analysis (MTN blots, 
7766-1, Clontech) confirmed the absence of the expres- 
sion in normal colon and small intestine (data not 
shown). Neither point mutation nor nucleotide change 
of Bradeion genes was detected by the analysis of RT- 
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\ SUU h y br if izat * on b y Bradeion 0 mRNA probe on adult mouse brain sections. A, C, E, and F are reacted with antisense probe 
and B and D are reacted with sense probe. (A, B) The cerebral cortex; ml, molecular layer. (C, D) The dentate gyruTfZ gr^ule^Ke 
heavily labeled (E F The cerebellar cortex. F shows higher magnification to reveal Purkinje cell staining, m! Sffiff gel frLZte 

cell layer; Pc, Purkanje cells. Scale bar in B is 100 and is applied for A, B, C, D, and E. Scale bar in F is also 100 ]2 8 8 



PCR and direct sequencing in both cell lines (data not 
shown). 

It is known that the SW480 cell line has point mu- 
tations of the K-rasat codon 12, which activates its p21 
oncogene products (26, 27). This activation is thought 
to alter the cellular signal transduction pathways and 
to affect nepotistic growth of cancers (28, 29). The 
association of K-ras mutations with Bradeion expres- 
sion in SW480 cell line with wild-type p53 (30, 31) drew 
our attention to whether or not this association is ob- 
served in patients' tumor samples. 

We screened dissected cancer samples from the 
patients of colorectal adenocarcinoma for Bradeion 
expression. The samples used were colorectal carci- 
noma including mucinous carcinoma and rectal ma- 
lignant melanoma, with comparison to the samples 
from lung adenocarcinoma, stomach cancer, and nor- 
mal tissues. The possible point mutations in K-ras 



oncoprotein in the same samples were also exam- 
ined. Figure 4B summarizes the pathological and 
molecular analyses of patients' specimens. About 
30% of the cancer tissues were associated with K-ras 
point mutations at codon 12, which is equivalent 
with the reported incidence in colorectal cancer in 
Japanese patient population (Kijima, unpublished 
data). RT-PCR detection of the transcripts were fur- 
ther performed, however, because of degradation five 
out of 13 samples were so far used in the present 
study (Fig. 4B). There was no Bradeion expression in 
the normal tissue from the patients, and more im- 
portantly, there were no point mutations detected in 
both Bradeion a and j3 transcripts in patients' sam- 
ples, which was the case in SW480 and G361 cell 
lines as well. 

Figure 4C demonstrates typical in situ hybridization 
signals in patients' samples. These signals confirmed 
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FIG. 4. Tumor-specific expression of Bradeion a and 0. (A) Equal expression of Bradeion aandj3 mRNAs in human cancer cell lines 
Northern blot analysis (MTN Blots, Clontech, 7757-1 for human cancer cell lines) was hybridized with a ^P-labeled whole region of human 
Bradeion a cDNA. Lane 1. Polymyelocytic leukemia, HL-60; lane 2, HeLa S3; lane 3, chronic myelogenous leukemia, K-562; lane 4, 
lymphoblastic leukemia, MOLT-4; lane 5, Burkitt's Lymphoma, Raji; lane 6, colorectal adenocarcinoma, SW480; lane 7, lung carcinoma' 
A549; lane 8, melanoma, G361. Results of hybridization with a 0 actin probe are shown below. (B) Clinical manifestations of colorectal 
adenocarcinoma patients. ND, not determined. * Both Bradeion a and 0 were detected, and no point mutation was found in PCR products 
Ad (mod), moderately differentiated adenocarcinoma; Ad (well), well differentiated adenocarcinoma; Muc, mucinous carcinoma; MM, 
malignant melanoma. Codon 12 wild type sequence of human K-ras gene is GGT. All four mutation cases are heterozygous. (C) Tissue in situ 
hybridization of tumor samples. 



that the gene expression were detected only in the 
cytoplasm, and at a lower frequency (about 30% of 
samples), in the nucleus of tumor cells. There is no 
labeling in normal cells and tissues in the section, nor 
with sense probe. Such ectopic expression of Bradeion 
has never been observed in the samples of lung adeno- 
carcinoma and stomach cancer (data not shown). Thus 
Bradeion provides a good indicator of colorectal cancer, 
and RT-PCR can detect microcontamination of the 
metastatic cells in the samples. These results indicated 
that the expression is in "all or none" pattern, with a 
specificity of cell types, and without any point mutation 
at the nucleotide level. 

Although the molecular structure of Bradeion gene 
indicates that it might be related to the regulation of 
cell growth, it requires further investigation to clarify 
the putative ligands and second messenger systems 



activated via Bradeion. The function of Bradeion in the 
nervous system is also yet to be defined. Septins are 
GTPases required for the completion of cytokinesis in 
diverse organisms, yet their roles in cytokinesis or 
other cellular processes remain unknown. The data 
related to the other septin proteins, CDCre]-l and 
Nedd5, suggest that septins may regulate vesicle dy- 
namics through interactions with syntaxin in the ner- 
vous system (32). Bradeion may also have different 
functions in neurons, relating to these other septin 
family proteins. 

It is clear, however, that the data demonstrated here 
clearly highlight the clinical importance of the Bra- 
deion gene as a tumor-specific marker. Further clinical 
investigations may provide a novel strategy for diag- 
nosis, novel therapeutics, and gene therapy targets of 
colorectal cancer. 
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Impaired expression of a human septin family gene 
Bradeion inhibits the growth and tumorigenesis of 
colorectal cancer in vitro and in vivo 
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We have identified a novel human septin family gene Bradeion, which is specifically expressed in human colorectal cancer and 
malignant melanoma. In order to analyze the implications of tumor -specific gene expression, ribozymes and its derivatives were 
specifically designed and transfected into various colorectal adenocarcinoma cell lines for Bradeion inactivation. We constructed 
ribozyme expression plasmids controlled by a human tRNA Val promoter, and both hammerhead ribozyme and its allosteric 
derivative maxizyme were used for two different forms of Bradeion mRNA. The sequence -specific cleavage of Bradeion mRNA 
resulted in significant growth inhibition and G2 arrest in human cancer cell lines, detected by flow cytometry analysis. In addition, in 
v/Vomice studies demonstrated marked tumor growth suppression by the Bradeion- specific ribozymes. Thus, the tumor- specific and 
selective marker Bradeion also provides valuable tools as a potential target for colorectal cancer therapy. 
Cancer Gene Therapy (2002) 9, 483-488 doi:1 0.1 038/sj. cgt. 7 700460 
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Colorectal tumorigenesis is commonly believed to 
involve typically about five genetic mutations (or hits) 
of both proto- oncogenes (such as ras) and tumor - 
suppressor genes (such as p53, DCC, and APC). 2 ' 3 There- 
fore, it is far from obvious which of these genetic defects 
should be targeted for correction in a gene therapy approach. 
It also seems improbable that, even if a single mutation could 
be corrected in every tumor cell, the malignant phenotype 
would necessarily be reversed because the evolution of 
malignancy in human rumors is a multicomponent event 2 
Therefore, desired gene targets for the monitoring and 
controlling of cancer might have the following features: (a) 
selectivity of cell types, (b) specificity ("all or none" type 
expression changes), and, more importantly, (c) neither any 
arnino acid nor stmctural change caused by point mutations, 
deletions, missense mutation, etc., in the course of phenotype 
change: Currently, there have been reported few genes or 
proteins that satisfy these categories, and it is supposed that 
these candidate genes do not have to be closely involved in 
the process of tumorigenicity. For example, most of the 
target molecules of anticancer drugs and the common tumor 
markers are not specifically oncogene products nor molec- 
ular chaperones related to the process of carcinogenesis. 
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We have initiated an approach to identify and characterize 
key molecules described above and, for this purpose, 
constructed cDNA libraries from senescent and immortal 
cells. 4 Human brain and heart cDNA libraries were also used 
to identify the novel molecules related to cell cycle 
regulation and terminatiorL Through these processes, we 
have identified a variety of novel genes, and one of these is 
Bradeion} The Bradeion gene belongs to the mammalian 
septin family genes, 5 and originally was discovered from 
human brain cDNA by expression screening using the 
monoclonal antibody CE5. Interestingly, Bradeion is 
expressed specifically in two human cancers, colorectal 
cancer and malignant melanoma, with "all or none" 
expression profile and no point mutations. 1 These character- 
istics indicate that normal function of Bradeion is likely 
required for necessary functions of colorectal adenocarci- 
noma cells and that Bradeion may be a useful target for 
therapy. 

We have then proceeded to develop efficient Bradeion 
gene -inactivating agents using antisense ribozymes. 7 " 9 We 
have demonstrated that ribozymes targeting Bradeion tran- 
scripts are capable of specific -cleaving its target in vitro, and 
stable transfectants of ribozyme -transformed colorectal 
adenocarcinoma cells exhibited reduced cell growth and 
G2 arrest. The present study thus extends the utility of these 
hammerhead ribozymes and its derivative tools based on the 
function of Bradeion for target validation in monitoring and 
controlling the colorectal cancer in vivo. It is emphasized that 
a novel gene Bradeion provides a practical tool to target the 
colorectal cancer by disruption of cell proliferation and cell 
cycle regulation. 
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Materials and methods 

Design of tRNA Val -embedded ribozymes 

Ribozymes used in the present study were constructed 
according to the methods as described. 9 " 11 The target 
sequences of these ribozymes specific for Bradeion a 
mRNA are the following: Brad-al: nucleotides 569-583 of 
Bradeion a clone; Brad-a2: nucleotides 588-602; Brad- 
a3: nucleotides 595-609; Brad-a4: nucleotides 699-713. 
The target sequences of the ribozyme specific for Bradeion ft 
mRNA are the following: Brad -0 1 : nucleotides 108-122 of 
Bradeion /3 clone; Brad-/?2: nucleotides 157-171; Brad- 
f33: nucleotides 304-318, Brad-^4: nucleotides 378-392. 

Cells, transfection, and cell cycle analysis 

Human colorectal adenocarcinoma cell lines (SW480, 
COLO201, DLD-1, HT-29, LoVo, LS174T, SK-CO-1, 
SW620, SW948, SW1417) were obtained from ATCC 
(American Type Culture Collection, Manassas, VA) and 
cultured in the media recommended for each cell line. 312 
The cell lines used as negative controls were HeLa and K562 
cells lines — the same cell lines which appear in the MTN^ 
blots provided by Clontech ( Palo Alto, CA ). 1 After the serial 
gene expression analysis of those cell lines, SW480 was 
chosen for further transfection experiments. SW480 was 
cultured in Leibovitz' L-15 medium supplemented with 
10% fetal bovine serum. 12 

Transfections were carried out with the SuperFect Trans- 
fection Reagent (Qiagen, Valencia, CA), as recommended 
by the manufacturer. Ribozyme- trans fected cells were 
selected by incubation with G418, and ribozyme deriva- 
tives -transfected cells were selected with G418 (500 fig/ 
mL media) and hygromycin B (250 //g/mL media) 
(Invitrogen, Carlsbad, CA) for more than 4 weeks. As con- 
trols, inactive ribozymes and derivatives were transfected 
and selected as described above. The doubling time of each 
cell line was examined and determined as described 8,9 For 
flow cytometry analysis, cells were pelleted and resuspended 
in 1 mL of PBS containing 2 //g/mL RNase and 50 mg/mL 
propidium iodide, and incubated for more than 30 minutes at 
37°C. The profile of cells in the G0/G1, S, and G2/M phases 
of the cell cycle was analyzed by using EPICS ELITE ESP 
(Beckman Instruments, Fullerton, CA) according to the 
instructions by manufacturers. 

Detection of Bradeion genes by reverse transcription 
polymerase chain reaction (RT-PCR) 

Total cellular RNA was isolated from the cultured cell lines 
using Gibco/BRL TRIzol reagent (Invitrogen, Carlsbad, 
CA). For RT-PCR of both Bradeion genes, RT of 5 fig of 
total RNA was primed at 45°C for 30 minutes using 
Superscript One -Step RT-PCR System (Invitrogen, Carls- 
bad, CA), and the reaction mixture was directly used for 
PCR. Four primer pairs were synthesized based on the 
sequence of Bradeion gene 1 and used for PCR amplification. 
PCR was performed as described previously, 1 and the 
resulting RT-PCR products were subject to gel electro- 
phoresis in 12.5% GeneGel by GenePhor system (Amer- 
sham Biosciences Corp, Piscataway, NJ). The sequences of 
RT-PCR products were confirmed by direct sequencing. 



Growth of colon cancer xenografts in athymic mice 

The stable transformants and parental cell line (SW480; 
5 x 10 5 cells) were subcutaneously inoculated into nude mice 
(n=\0 for each transformant and the parental cell line, 
female, 8 weeks, BALB/cA-nw; Clea Japan, Tokyo, Japan). 
The growth rates of the cells were estimated by measuring 
the size of tumor lesions after inoculation. The size was 
calculated by the equation, V= 1 /2AB 2 , in which A and B are 
the experimental measurements in millimeters of length and 
width, respectively. All experiments on laboratory animals 
were performed in accordance with the care and use 
guidelines of the Central Institute for Experimental Animals, 
Kawasaki, Japan. 8 

Results 

Design of tRNA Val -driven an ti sense ribozymes 

In order to evaluate the tumor -specific expression of 
Bradeion a and we constructed ribozyme expression 
plasmids controlled by a human tRNA Val promoter, which 
targeted the Bradeion a transcripts. The ribozyme transcripts 
by this pol HI- dependent expression system are much 
higher than that of pol II expression system. 10 ' 11 The target 
sequences of these ribozymes and maxizymes in Bradeion a 
mRNA are shown in Figure 1, A and B, and selected 
cleavage sites are indicated by black boxes. 

As for targeting of Bradeion f3, it was not possible to 
cleave by the conventional ribozyme specifically the 
Bradeion ft mRNA without damaging the Bradeion a 
mRNA. Therefore, we utilized the recently created "max- 
izyme," which has an allosterically controllable function. 11 
This allosteric form consists of two substrate binding arms 
and catalytic core region, and would have a cleavage activity 
only when the two substrate binding arms of the maxizyme 
interact with the Bradeion J3 mRNA. In addition, pol in- 
dependent expression system enables both ribozyme and 
maxizyme transcripts to be exported to the cytoplasm, which 
resulted in the presence of ribozymes and their target mRNA 
within the same cellular compartment. This phenomenon 
would resemble the changes in conformation of allosteric 
proteinaceous enzymes that occur in response to their 
efFector molecules. The maxizyme construction with the 
target candidate sequences in expression plasmids was 
shown in Figure 1C, and the heterodimeric structure was 
shown in Figure ID. 

These ribozyme and/ or maxizyme expression plasmids 
were transfected into SW480 cells. This cell line has mutated 
p21 and APC, and wild -type (WT ) p53? Several independ- 
ent stable cell lines were generated by G418 (500 fig/mL 
media ) or hygromycin selection (250 //g/mL media). 

Growth inhibition and disruption of cell division by the 
cleavage of anti- Bradeion mRNA 

Bradeion a- and /3- specific ribozymes were transfected into 
the SW480 cells (Fig 1A). Stably transfected SW480 cells 
that harbored a ribozyme and/ or maxizyme were selected by 
G418 (ribozyme and maxizyme) and hygromycin (max- 
izyme). 10 * 11 A total of 66 independent lines for each mutant 
(Bradeion a single mutant, Bradeion (3 single mutant and 
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Target sequence In Bradeion a mRNA 

Brad-al : UGUGuQBEuCUGGGA (nL569-583) 

Brad-a2: UUUCaSBcUGUGUC <nt 588-602) 

Brad-a3: CCUGuSIRaGCCCUA (nt 595-609) 

Brad-a4: CAGAaHIBuGGCACU (nt 699-713) 



Bradeion a mRNA 
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Target Sequence of Mz-Scjasor In Bradeion ft mRNA 

Brad-pl 5-AGGGAl3!BuGAAGCG-3* (nt 108-122) 

Brad-02 5 , -AUUCuS!BcCUGAGG-3* (nt 157-171) 

Brad-p3 S^CCAaSSBcCGGAGC-S 4 (nt 304-318) 

Brad-ft4 y-CCCCA^BIbuCUGAC^' (nt 378-392) 

Target Sequence of Mz-Senser in Bradeion ft mRNA 

5-GAUUCCUCUGAGGAUGACAAGG AGUAU-3* (nt 474-500) 
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Figure 1 Hammerhead ribozymes and its derivatives, heterodimeric maxizymes, specific for Bradeion a and p. A: Four candidates of ribozyme- 
mediated cleavage sites (in black box) in Bradeion a mRNA. B: Secondary structure of the hammerhead ribozyme specific for Bradeion a 
(example of Brad-a1 ). The inactive ribozyme differed from the active ones by replacement of single nucleotide in the catalytic core "G" (the site 
shown by "*") to "A." C: The candidates of target sequences of maxizyme ( Mz) scissors and maxizyme sensor in Bradeion 0 mRNA. D: The active 
heterodimeric maxizymes under the control of a human tRNA Val promoter ( example of Brad-/?1 ). The formation of active forms is favored because 
perfect base pairing occurs only in the case of active complexes. Inactive maxizyme can be made by replacing the nucleotide "G" (shown with ) 
with "A." 



Bradeion a and 0 double mutant) were generated by limit 
dilution method in 96 titer well dishes. Using 47 among 67 
selected cell lines, we examined the functional significance 
of the ribozyme and maxizyme in the regulation of cell cycle 
and cell division in those selected cell lines. The parameters 
used were the doubling time, cell cycle analysis, and RT- 
PCR of Bradeion genes. 8 9 Inactive ribozyme and maxizyme 
trans fected cells were used as controls. Those ribozymes 
differed from the active ribozymes by a single G5- to- A5 
mutation in the catalytic core. 

The doubling time of each cell line was 20-24 hours for 
original SW480 (control), 26 hours for the cells transfected 
with the inactive ribozyme, average 38 hours for the cells 
with Brad a ribozymes, average 48 hours in the cells with 
Brad 0 ribozymes, 373 or more in the cells with Brad a and 
8 ribozymes. 

Typical results obtained in each Bradeion a single mutant, 
Bradeion 0 single mutant, and Bradeion a and 0 double 
mutant cell lines were shown in Figure 2. The doubling time 
of each cell line is 20-24 hours for original SW480 (WT; 
lane 1), 26 (lane 2; cells transfected with the inactive 
ribozyme), 38 (lane 3; cells with ribozyme Brad-a3 ), 48 



(lane 4; cells with maxizyme Brad-^3), 373 or more (lanes 
5-9; cells with ribozyme and maxizyme). Figure 2 A 
demonstrates flow cytometry analysis of selected cell lines. 
The WT cells (lane 1) and ceils transfected with inactive 
ribozyme (lane 2) showed the WT phenotype of cell 
population in each phase (G0/G1, S, and G2/M), with up 
to 70% cell population at G0/G1 phase (2n) and 15% at 
G2/M phase (4n). Cells with inactive maxizymes 
demonstrated the similar phenotype with normal cell 
population (unpublished data). In contrast, Bradeion a 
single mutant cells showed irrelevant late S clusters in cell 
cycle (Fig 2A, lane 3). The same late S clusters were 
observed in Bradeion 0 single mutant cells, too (Fig 2A, 
lane 4). 

In contrast, the cells with Brad a or 0 ribozymes showed 
irreverent late S clusters in ceil cycle ( Fig 2B, lanes 3 and 4 ). 
The transformants with Brad a and 0 ribozymes showed 
significantly different phenotype, with slower cell growth 
(over 300 hours doubling time compared to 20-24 hours 
doubling time of control SW480 cells and the cell transfected 
with inactive ribozyme). Flow cytometry analysis demon- 
strated 8n peak (8-12% population) with increased cell 
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Figure 2 A: G2 growth arrest in colorectal carcinoma cells ( SW480) 
transfected by Bradeion- specific ribozymes and maxizymes shown 
by flow cytometric cell cycle analysis. Cells were stained with 
propidium iodide to show cell cycle distribution by DNA content. 
Ten thousand cells were tested in this analysis. G0/G1 , S, and G2/M 
phases of the cell cycle are indicated as 2n and 4n. (1) Control 
SW480; (2) SW480 cells transfected with an inactive ribozyme; (3) 
SW480 cells transfected only with Bradeion a- specific ribozyme 
(Brad-a:3); (4) SW480 cells transfected only with Bradeion (3- 
specific maxizyme (Brad-/33); (5-9) SW480 ceils transfected with 
Brad a and /3 ribozymes (5, Brad - a3+ Brad 6, Brad- a3 4- Brad- 
(32\ 7, Brad-a3 + Brad-£3; 8, Brad- a4 + Brad -32; 9, Brad- 
a4+Brad-/?3). B: RT-PCR analysis of Bradeion mRNA of each cell 
lines described above. PCR products were subjected to electro- 
phoresis in 12.5% GeneGel by GenePhor system (Amersham 
Biosciences). 

population of G2/M phase (lanes 5-9, maximum 68% in 
lane 9). One of the clones (* in Figure 2A) showed second 
G 1 peak, which indicates the disruption of chromosomes. 
The cell population in arrested G2/M phase and 8n peak 
varies slightly among the cell lines of double mutants; 
however, the phenotype was similar in all double mutant cell 
lines. 



Ribozyme- mediated suppression on Bradeion a and (3 

To examine levels of both Bradeion a and 0 mRNA, we 
performed RT-PCR analysis. As shown in Figure 2B, the 
level of Bradeion in SW480 cells transfected with 
ribozymes was drastically lower than in control SW480 



cells (lane 1) and/or SW480 cells transfected with 
inactive ribozyme (lane 2). The level of Bradeion ft 
mRNA drastically decreased after maxizyme transfer 
(lane 4), whereas no alteration was observed by the 
simple Brad a ribozyme (lane 3). This result indicated 
that this hammerhead ribozyme cleaved only Bradeion a 
specifically. The other cell lines with maxizyme transfer 
did not demonstrate significant Bradeion j3 expression by 
RT-PCR (lanes 5-9). 

Interestingly, Bradeion a mRNA in the stable trans- 
formants so far remained positive in all the clones used in the 
present study (lanes 3-9). The level of expression varied 
among clones; however, it could be detected in both 
Bradeion a -specific mutants and double mutants. In double 
mutant cells (lanes 5-9), both levels of Bradeion a and f3 
mRNA were significantly decreased compared with WT 
(lane 1) and inactive ribozyme expressing SW480 cells 
(lane 2). 

Loss of tumorigenesis shown by ribozyme -transfected 
cancer cell lines in athymic mice 

Heterotrophic transplantation of the SW480 cells as 
xenografts in athymic nude mice resulted in the rapid 
development of progressive tumor nodules (Fig 3). 
Bradeion -specific ribozymes significantly suppressed tumor 
growth of SW480 cells in mice. At 60 days after trans- 
plantation, tumors with Bradeion a- and /3- specific 
ribozymes were 32.4% and 25.9%, respectively, of the 
control tumors in a volume. Transfection of both Bradeion a 
and f3 ribozymes more significantly suppressed tumor 
growth in the mice system, i.e., tumors with both Bradeion 
a and (3 ribozymes were 10.5% (Brad-a3+/33) and 4.3% 
( Brad-a4+/33 ) compared with the controls in a volume. The 
results were compatible with those of flow cytometric and 
RT-PCR analyses (Figures 2B and 3). These results were 
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Figure 3 Growth suppression of the SW480 colon adenocarcinoma 
transplanted in nude mice. Bradeion- specific ribozymes significantly 
suppressed tumor growth of SW480 cells in the mice systems. At 60 
days after transplantation, tumors with Bradeion a. ribozyme (Brad- 
a3), Bradeion 0 ribozyme (Brad-/33), Bradeion q + /3 ribozymes 
(Brad-a3+/33), and Bradeion a + p ribozymes (Brad-a4+/33) were 
32.4%, 25.9%, 10.5%, and 4.3%, respectively, compared with the 
controls in a volume. Tumor volume (mm 3 ) was determined as 
follows: 1/2x length x width 2 . 
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not observed when the SW480 and other colorectal 
adenocarcinoma cell lines were used (unpublished data). 



Discussion 

The results obtained here could point out the essential role of 
a novel human septin family gene Bradeion for the 
proliferation and growth of colorectal cancer cells. We 
described the construction of the hammerhead ribozyme 
specifically targeting Bradeion a and j3 transcripts. This 
ribozyme expression plasmid controlled by a human tRNA Val 
promoter, together with the application of its allosteric form 
"heterodimeric maxizyme," was so far successfully applied 
and capable of specific - cleaving the target in vitro in the 
present study. Stable transformants expressing the ribozymes 
altered morphology and reduced cell growth in the cultured 
cell system. The flow cytometry analysis demonstrated that 
the transformants with both Brad a and (3 ribozymes showed 
significant growth inhibition by causing G2 arrest. In vivo 
mice studies demonstrated marked tumor growth suppres- 
sion by the Bradeion- specific ribozymes, which was 
compatible with results of flow cytometric and RT-PCR 
analyses. 

Bradeion belongs to the septin family genes, 5 which are 
evolutionarily conserved cytoskeletal GTPases involved in 
cytokinesis and other cellular processes. The best conserved 
region is an ATP/GTP binding site (P-loop), called 
Walker's A box. 1314 The expression is detected only in 
colorectal cancer and malignant melanoma, and not found in 
other cancers such as stomach cancer and lung cancer. This 
unique expression profile has never been observed among 
other mammalian septin family genes. 1 For further analysis 
of this novel gene, we first tried to overexpress pEGFP 
(Enhanced Green Fluorescent Protein; Clontech ) Bradeion. 
However, the massive aggregate formation in cytoplasm was 
observed when EGFP - fused Bradeion was expressed, which 
caused apoptotic cell death until 24 hours after transfection 
(M Tanaka, unpublished data). These results were not in- 
formative to know the further cellular function of Bradeion 
gene, and instead, we decided to disrupt Bradeion expres- 
sion. With the advent of the development of hammerhead 
ribozymes and its derivatives reported by our institute, 10,11 
the Bradeion ft mRNA containing a characteristic exon- 
exon junction can be specifically targeted and cleaved 
without damaging a related Bradeion a mRNA. Based on the 
results obtained using ras- inactivating ribozymes by Kijima 
et al, 7 Yamazaki et al, 8 and Tsuchida et al, we succeeded 
in constructing and using Bradeion a- and /3- specific 
ribozymes. 

The present study demonstrated that the impaired 
expression of Bradeion a and j3 directly affected ceil 
division. There are wide variances in cell cycle disorders 
among cell lines, which may be caused by the variation of 
the inhibition rates in Bradeion expression. The specific 
expression of ribozyme and maxizyme transfected was 
confirmed in each procedure. More importantly, the 
persistence of slight Bradeion a expression even in double 
mutants will suggest that Bradeion a expression might be 
essential for the maintenance and proliferation of colorectal 
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adenocarcinoma cells. It is emphasized that the partial 
decrease of Bradeion expression was enough to cause 
growth inhibition and arrest in colorectal carcinoma cells. 

The data obtained here extend the utility of these tools for 
target validation in monitoring and controlling colorectal 
cancer. The genetic variance among individuals indeed 
prevents many candidate genes from being used as a target 
for gene therapy. 2 For example, mutated p53 were identified 
among 30-50% of the patients, and the same ratio was 
observed for p21 mutations. 15 " 17 However, the value of the 
genes for therapy remains unclear, and further advances in 
the gene transfer field will likely be required to advance 
ribozymes as a therapeutic agent. 2 Indeed, as potential 
therapeutics, several problems remain to be solved related to 
delivery, specificity, and expression. We have also been 
trying to solve this problem using a recombinant adenovirus 
as a tool for delivery. 7 " 9 

Thus, the preset study indicates the possible efficacy of 
Bradeion ribozymes to disrupt cell proliferation and 
division. A recent report describes that the P-loop structure 
of septins is closely related to the induction of apoptosis. 18 
Bradeion also triggers apoptotic processes by overexpres- 
sion in cancer cell (M Tanaka, unpublished data). More 
information related to specific killing of cancer cells is 
being examined to demonstrate the biochemical function 
and signal transduction mechanisms related to Bradeion 
expression. 

It is clear, however, that the data demonstrated here clearly 
highlight the clinical potential importance of the Bradeion 
gene as a tumor- specific target. Further laboratory and 
clinical investigations may provide novel strategies for the 
diagnosis and therapy of colon cancer. 
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